Evaluating implementation functioning is done through addressing questions about needs, coverage, provision, and utilization using information obtained from process evaluation, operations research, and monitoring. Evaluating effectiveness is done through assessing impact, efficiency, coverage, process, and causality. Plausibility designs ask whether the program seemed to have an effect above and beyond external influences, often using a nonrandomized control group and baseline and end line measures. Probability designs ask whether there was an effect using a randomized control group. Evaluations may not be able to use randomization, particularly for programs implemented at a large scale. Plausibility designs, innovative designs, or innovative combinations of designs sometimes are best able to provide useful information. Further work is needed to develop practical designs for evaluation of large-scale country programs on complementary feeding.
• Evaluation should be conducted from the beginning of and throughout program conceptualization and design, implementation, and determination of effectiveness.
• Essential to evaluation is articulation of a program theory on how change would occur and what program actions are required for change.
• Evaluations sometimes cannot use randomization, particularly for programs implemented at large scale, and practical designs that account for the complexity of systems are needed for evaluation of large-scale country programs on complementary feeding.
| CONCEPTUALIZATION AND DESIGN
Essential to the success of any evaluation is the articulation of a program theory, which specifies "what must be done to achieve the desirable goals, what other impact may also be anticipated, and how these goals and impacts would be generated" (Chen, 2015) . The purpose of a program theory is to analyze and make explicit the "assumptions by stakeholders about what action is required to solve a social problem and why the problem will respond to this action" (Chen, 2015) . These assumptions are about how change would occur (i.e., the causal processes through which a program is supposed to work) and about what program actions are required for change through these processes (Chen, 2015) .
Although logic models are often used to depict programs, program theory is not the same as a logic model. would be expected to be achieved if the constraints were addressed with specified strategies. The tailored strategies were then developed in detail and documented in analyses of program impact pathways (Avula et al., 2013; . Monterrosa et al. (2013) developed an intervention in Mexico for improving IYCF that used a communication strategy in which scripted messages were delivered through nurses and radio, aiming to change beliefs, attitudes, social norms, intentions, and behaviors related to breastfeeding, dietary diversity, and food consistency. The strategy was based on the results of a prior ethnographic study that examined maternal knowledge and developed an emic knowledge framework to help explain and interpret maternal complementary feeding behaviors (Monterrosa, Pelto, Frongillo, & Rasmussen, 2012) . This in-depth qualitative study identified eight concepts held by mothers and showed that maternal feeding decisions were mostly determined by the highly organized knowledge and beliefs of mothers. From this foundation, the intervention was developed using the theory of planned behavior and a social marketing approach, resulting in five scripted messages to be delivered that targeted beliefs and attitudes underlying the key behaviors to be improved. The five messages were about breastfeeding, food consistency, flesh foods, vegetables, and feeding again if food was rejected. Focus-group discussions were used to develop and refine messages and study materials.
| IMPLEMENTATION FUNCTIONING
Evaluating implementation functioning is done through addressing four categories of questions: needs, coverage, provision, and utilization (Habicht, Victora, & Vaughan, 1999) . franchises were used to examine the quality of facilities, service delivery, and client perceptions and use .
Quantitative data documented, for example, the coverage reported by mothers for exposure to interpersonal counseling and mass media (Nguyen et al., 2016) .
For the Mexico intervention, nurses delivered each of the five messages to each mother once, and the same messages aired seven times each day on three radio stations for 21 days in the intervention communities; the control communities were in a different state from the intervention communities and were not exposed to the scripted messages (Monterrosa et al., 2013) .
| EFFECTIVENESS
Evaluating effectiveness is done through assessing impact, efficiency, coverage, process, and causality ( Three categories of designs can be used for evaluation of effectiveness: adequacy, plausibility, and probability (Table 2; Habicht et al., 1999) . Adequacy designs ask: did the expected changes occur?
Adequacy designs often use two sets of measurements, before and after program implementation, but no control group. Plausibility designs ask, did the program seem to have an effect above and beyond external influences? Plausibility designs are often quasi-experimental such as using a historical control or a nonrandom comparison group with two or more sets of measurements before and after program implementation. Probability designs ask, was there an effect?
Probability designs use a randomized comparison group, often with sets of measurements before and after program implementation.
Adequacy designs do not attempt through the features of the design to directly attribute observed changes to the program, and instead aim to assess whether the observed changes are consistent with what was expected in magnitude and direction (Habicht et al., 1999) . Adequacy designs can demonstrate that a program was feasible to implement and capable of generating changes in line with expectations. Sometimes strong arguments can be marshaled to support attribution based on program theory and the ruling out of competing explanations. Often demonstration of adequacy of a program is followed by a second, larger study using a plausibility or probability design that is better able to control for confounding (i.e., alternative explanatory factors) and make attribution of effects to the program.
Plausibility designs control for confounding using nonrandomized control groups; these designs are also called quasi-experimental (Shadish, Cook, & Cambell, 2002) . The controls may be historical (i.e., retrospective), concurrent, or possibly prospective. Many different are taken before and after the implementation of the program in both the program group and a nonrandomized control group. Analysis of the difference in the changes over time-called difference in differencesis made using methods for repeated measures (Gertler et al., 2011) .
Often sampling for this design (and others) is done using clusters, so statistical methods for accounting for the clusters such as mixed models (Goldstein, 2011) , generalized estimating equations, or sand- Probability designs use randomization at the cluster or individual level to strengthen causal inference by producing an estimate of the probability that differences between program and control groups were due to chance (Habicht et al., 1999) . Randomization is important for two reasons. First, the assignment to program or control by investigators establishes the causal direction of relationships with outcomes.
Second, randomization helps ensure that the two groups are equivalent on all factors other than the program assignment, whether measured or not. There are a variety of probability designs that can be used, with the most common for program evaluation being longitudinal control in which the randomized program and control groups are assessed before and after participants are exposed to the program.
Difference-in-differences or related methods are used for analysis.
Probability designs are used both for efficacy studies in which the exposure to the program is maximized, potentially sacrificing generalizing to real-life situations, and for effectiveness studies in which the program is implemented as it would be in real-life practice, enhancing generalizability (Habicht et al., 1999) .
In addition to the design, measures for effectiveness are needed to assess impact, efficiency, coverage, process, and causality. For programs intended to improve complementary feeding, measures of complementary feeding behaviors are important to assess as primary outcomes. Indicators have been developed based on recommended feeding behaviors (World Health Organization, 2008) . These indicators, which were developed for estimating prevalence, may not be ideal for evaluation; for example, using the number of food groups provided may be more informative than using the indicator of providing four or more food groups. The type of measure chosen will inform the analytical method to be used.
Measures of closely related behavioral determinants (e.g., beliefs, attitudes, norms, and intentions) and consequences (e.g., growth status) are also useful. Because programs that are intended to have impact on one domain may have impact (positive or negative) on others-for example, a program to improve complementary feeding may also improve language and motor development-it is important to use a broad set of health, nutrition, and development measures to assess impact of programs on children (Frongillo, Tofail, Hamadani, Warren, & Mehrin, 2014) . Furthermore, because we want to understand what were the factors in place and actions that occurred (i.e., process) and why did the factors and actions together result in the benefits and costs (i.e., causality), measures of immediate and underlying determinants (Black et al., 2013) as well as outcomes should be made. Finally, information on costs and coverage are needed to determine cost-effectiveness and cost-benefit and to inform future program planning.
Validity of measures may be questionable when standardized or tested methods are not used and when data are self-reported.
Self-reported measures are subject to recall and social desirability bias, a challenge because objective measures of feeding behaviors are difficult to obtain. One study has demonstrated the validity of self-report of exclusive breastfeeding in comparison to an objective measure (Moore et al., 2007) , but similar research has not been done for complementary feeding measures. Socially desirable responsiveness can be measured so that it can be adjusted in analyses.
In both Bangladesh and Vietnam, Alive & Thrive used a probability design with randomization at the level of clusters (Menon, Rawat, & Ruel, 2013) . In each country, repeated cross-sectional surveys were done with 4 years between baseline and end line. The designs were longitudinal at the cluster level rather than the individual level so that changes in children of the same age range could be examined over time. In Bangladesh and Vietnam, two program packages were compared . The intensive package consisted of intensive interpersonal counseling on IYCF practice, mass media, and community mobilization. The nonintensive package consisted of usual counseling along with mass media and less intense community mobilization. The differential effects of the two program packages were examined with difference-in-differences analyses using fixed-effects regression models accounting for clustering for specified outcomes including breastfeeding, complementary feeding, growth status, and child development. A measure of socially desirable responsiveness was made to quantify and adjust for potential bias. Behavioral determinants and underlying factors on mothers and households were also measured to assess for secular changes over time.
The intervention study in Mexico used a longitudinal-control plausibility design (Monterrosa et al., 2013) . The intervention communities were in one state and the control communities in another adjoining state to be able to separate exposure to the radio messages. Measures were taken at baseline and end line on beliefs, attitudes, norms, intentions, and feeding behaviors. The differences between intervention and control communities were examined with difference-in-differences analyses using fixed-effects regression models accounting for clustering. also consider timing because programs may reach and benefit children, but may not discernibly improve growth and development outcomes in a short time. Measures also need to consider the age of the child.
Although many scientists consider randomized designs to be superior for establishing causality, randomized designs sometimes are not the best choice for evaluations in practice (Habicht et al., 1999; Hébert et al., 2016 ). Evaluations may not be able to use randomization, particularly when programs are implemented at scale and are established as social programs, which participants are entitled to receive. Plausibility designs, innovative designs, innovative combinations of designs, and designs based on complex adaptive systems (Paina & Peters, 2012) sometimes may be best able to provide useful information for programs in many situations.
Further research is needed to develop alternative measures of complementary feeding that minimize or eliminate potential recall and social desirability bias and to develop practical evaluation designs for evaluation of large-scale country programs on complementary feeding. The process of scaling up into existing or modified systems is complex, dynamic, and unpredictable; the framework of complex adaptive systems may be helpful in reflecting these features, providing opportunities for understanding how scaling up best can occur (Paina & Peters, 2012; Pérez-Escamilla & Hall, 2016) . Therefore, research is needed on how features of complex adaptive systems such as path dependence, emergent behavior, networks, feedback loops, and phase transitions can be incorporated into planning, implementation, monitoring, and evaluation of complementary feeding programs.
